Since detection of an RNA molecule is the major criterion to define transcriptional activity, the fraction of the genome that is expressed is generally considered to parallel the complexity of the transcriptome. We show here that several supposedly silent intergenic regions in the genome of S. cerevisiae are actually transcribed by RNA polymerase II, suggesting that the expressed fraction of the genome is higher than anticipated. Surprisingly, however, RNAs originating from these regions are rapidly degraded by the combined action of the exosome and a new poly(A) polymerase activity that is defined by the Trf4 protein and one of two RNA binding proteins, Air1p or Air2p. We show that such a polyadenylation-assisted degradation mechanism is also responsible for the degradation of several Pol I and Pol III transcripts. Our data strongly support the existence of a posttranscriptional quality control mechanism limiting inappropriate expression of genetic information.
Introduction
Most, if not all, eukaryotic primary transcripts, whether transcribed by RNA polymerase (Pol) I, II, or III, undergo maturation, which includes endonucleolytic severing, exonucleolytic trimming, splicing, nucleotide modifications/edition, and/or capping. Interestingly, most mature 3# ends are generated by processing. Some result from cleavage and/or trimming, while others are extended by polymerases of the β family, which add 3# tails without the help of a DNA template: CCA for tRNA (Schurer et al., 2001) or poly(A) sequences for mRNA (Proudfoot and O'Sullivan, 2002) . Addition of poly(A) tails to mRNAs occurs at an endonucleolytic cleavage site that is severed cotranscriptionally. The Pap1p protein has poly(A) polymerase activity but depends on the assembly of a large complex for its function, which also insures correct positioning and control the length of the poly(A) tail (Keller and Minvielle-Sebastia, 1997). In eucaryotes, polyadenylation of coding RNAs has at least three important functions: it is required for RNA stability, efficient nucleocytoplasmic export, and translation. Except for a limited number of exclusively nuclear species, most transcripts reach the cytoplasm, where a large majority contribute to protein synthesis.
In this canonical view of the RNA synthesis pathway, the expressed fraction of the genome in a given cell is determined by accurate promoter selection. Transcription from these landmarks generates primary transcripts that are matured into functional RNA molecules, while the remaining fragments of the primary transcripts (e.g., introns, 3# trailers, as well as 3# extensions and internal spacers of the pre-rRNAs and pre-tRNAs) are rapidly degraded (e.g., Kim et al. [2004] , West et al. [2004] ). These events may explain the high rate of degradation of a fraction of nuclear RNAs never reaching the cytoplasm (e.g., Egyhazi [1976] ). In addition to degradation events targeting short-lived processing intermediates, specific nuclear RNA decay pathways also destroy aberrant pre-mRNAs or those failing to be exported ( . In yeast, Rat1p and the exosome are two exonucleases implicated in these nuclear degradation processes: Rat1p is a 5#-3# exonuclease showing sequence similarity to Xrn1, the major 5#-3# exonuclease involved in cytoplasmic mRNA decay (Johnson, 1997) . Rat1p is mostly nuclear and has been implicated in the maturation of pre-rRNAs and snoRNAs (Petfalski et al., 1998) and in transcription termination (Kim et al., 2004) . The exosome is a large complex of 3#-5# nucleases that is found both in the nucleus and in the cytoplasm (Mitchell and Tollervey, 2000) . The nuclear form of the complex contains two specific subunits, Rrp6p and Lrp1p, that are its only nonessential subunits. The exosome has been implicated in numerous nuclear RNA processing and degradation events including pre-rRNA and sn(o)RNA maturation (Allmang et al., 1999a; Petfalski et al., 1998) , 1996) . Most importantly, the polyadenylation of most cryptic transcripts derived from intergenic regions detected in the rrp6D background was nearly completely abolished in the absence of Trf4p, leading to their further stabilization. Taken together, these results demonstrate that a novel yeast nuclear poly(A) polymerase is implicated in a quality control process targeting numerous RNA to degradation by the exosome. Notably, this mechanism appears to limit the genomic noise resulting from inappropriate transcription of intergenic regions in the genome. These observations have several evolutionary implications.
Results

New Cryptic Transcripts Accumulate in the Absence of Rrp6p
The role of the Rrp6p exonuclease in the nuclear turnover of Pol II transcripts is still unclear. To identify new Rrp6p targets, we compared the transcriptomes of an rrp6D and a wild-type strain using Affymetrix DNA microarrays spanning the entire yeast ORFeome as well as some noncoding RNAs and intergenic regions. Two microarrays were used with RNAs from a wild-type strain (BMA64; see Table S1 in the Supplemental Data available with this article online) and two with RNAs from an rrp6D strain (LMA164), and the signal intensities were compared ( Figure 1A) . Importantly, the fluorescent probes were generated from total RNAs using oligo(dT) as primer and were thus enriched for probes against polyadenylated RNAs. While the vast majority of the cellular ORF-containing transcripts did not differ between the two strains (only 5.1% of verified ORFs reproducibly exhibit an rrp6D/WT ratio >2), a number of signals increased significantly in the rrp6 mutant compared to the wild-type. Signals corresponding to almost all snRNAs and snoRNAs and directly downstream sequences strongly increased in an rrp6D background (red dots, Figure 1A) Figure 1A) . Some (20.3%) of these SAGE probes (cured for those overlapping or next to known noncoding RNAs; see Table S3 ) reproducibly exhibited an rrp6D/WT ratio >2 in the two independent experiments (by comparison, only 0.8% of these probes exhibited a ratio >2 in the controls where the isogenic strains, i.e., WT-1/WT-2 and rrp6D-1/ rrp6D-2, were compared). Similarly, 7.7% of these probes reproducibly exhibited an rrp6D/WT ratio >3 in both independent experiments when this number was only 0.9% for the verified ORFs. This specific behavior of the SAGE probes did not result from a bias in the distribution of signal intensities between the two types of features (SAGE probes versus ORFs), since essentially identical results were obtained when comparing a subset of ORF and SAGE probes exhibiting an average signal ratio within the same intensity class (300-3000 average intensities). The peculiarity of SAGE probes was also apparent when comparing the class frequencies distribution of log2-transformed ratios between the two kind of features ( Figure 1B) : the rrp6D versus wild-type ratios (green curves) appear more significantly shifted toward higher values relative to the control experiments (gray curves) for the intergenic SAGEs compared to verified ORFs.
These microarray results were confirmed by real-time PCR performed on cDNAs primed with sequence specific oligonucleotides ( Figure 1C ), indicating that, in at least six out of eight test regions, signal increase resulted from higher transcript amounts rather than from polyadenylation of a preexisting RNA. These new regions thus differ from loci containing noncoding RNAs (snRNAs, snoRNAs, rRNAs, etc.). Oligo-directed RNase H cleavage and Northern blots performed for four of these transcripts, corresponding to Affymetrix features NEL025c (Figure 2A) , NBL001c, NPL040w, and NGR060w ( Figure S1 ), revealed that they consisted in RNAs of heterogeneous sizes (250-600 nt). The oligo-directed RNase H cleavage experiments showed that, except for NPL040W, these transcripts had a discrete 5# end, and their heterogeneity thus resulted from multiple 3# ends. We chose NEL025C (located on chromosome V between RMD6 and DLD3) for further studies. RNaseH cleavage with oligo dT increased mobility of NEL025c transcripts but did not abolish size heterogeneity (Figure 2A, compare lanes 7 and 8) . The polyadenylation status of these heterogeneous transcripts was further confirmed by oligo-dT affinity selection ( Figure 2B ). Taken together, these data indicate that these transcripts extend from a defined 5# end to multiple, closely The "SAGEs next to or overlapping ncRNAs" class represents features that were initially defined as intergenic SAGEs but that we found overlapping or directly juxtaposed to known noncoding RNAs-essentially snRNAs and snoRNAs; see Table S3 ). Arrows and labels point to dots corresponding to features that were analyzed by RT-PCR in Figure 1C. (B) Distribution (class frequencies, one-third unit increments) of log2 transformed ratios (fold changes determined by the Affymetrix MAS4.0 software). Four microarrays were hybridized, two using RNAs from RRP6 wildtype strains (BMA64) and two using RNAs from rrp6D strains (LMA164, see Table S1 ). The figure shows results obtained for the comparisons between wild-type-1 over wildtype-2 (black) or rrp6D-1 over rrp6D-2 (gray, controls) and rrp6D-1 over wild-type-1 or rrp6D-2 over wild-type-2, orange for verified ORFs and green for intergenic SAGE probes. Only verified ORFs (i.e., features defined as "ORF, verified" in the Saccharomyces Genome Database, www.yeastgenome.org) were taken into account in order to avoid statistical bias due to misannotated ORFs that should rather be classified as "intergenic features." Intergenic SAGE probes are as defined in the yeast S98 Affymetrix microarray and were cured for probes overlapping or directly next to known noncoding transcripts (see Table S3 ).
(C) The histogram shows the results of realtime PCR analysis after reverse transcription with specific oligonucleotides for eight arbitrarily chosen intergenic transcripts exhibiting a 3-to 30-fold signal increase in the rrp6D versus wild-type microarrays experiments (see Figure 1A) . RNA amounts normalized to ACT1 mRNA were expressed relative to the wild-type. Error bars were calculated from three independent experiments and represent standard deviations.
spaced 3# ends to which poly(A) tails have been added. The oligo-dT-selected RNAs were also hybridized with a probe specific for the NGR060W transcripts and showed that these RNAs are also polyadenalylated in the rrp6D strain (data not shown).
Cryptic Transcripts Define New Pol II Transcription Units
Given their structure, we assessed whether NEL025c-derived RNAs are independent Pol II transcripts or readthrough products from neighboring genes. Immu- Figure S3C ). Together, these results indicate that these rrp6D-induced intergenic RNAs are independent, capped, and polyadenylated Pol II transcripts.
Cryptic Transcripts Are Unstable in Wild-Type Strains
To demonstrate that these intergenic RNAs are produced in both the wild-type and the rrp6D strain but have higher turnover rates in the former strain, we assessed Pol II occupancy at the NEL025c locus by chromatin immunoprecipitation (ChIP) in both strains. Realtime PCR analysis of the DNA immunoprecipitated with anti-Rpb1p antibodies was performed with primer pairs spanning the whole NEL025c locus. RNAs were analyzed in parallel by real-time RT-PCR with the same primer set. In striking contrast with the differences in transcript amounts, Pol II density was similar (or even slightly higher) in the wild-type strain compared to the rrp6D strain in the region tested ( Figure 2C ). This ChIP signal was specific since abolished by mutation of the largest Pol II subunit in an rpb1-1 strain (Nonet et al., 1987; Schroeder et al., 2000) at the nonpermissive temperature ( Figure S4 ). Pol II-ChIP analysis of other intergenic regions gave essentially identical results (data not shown). To further confirm that NEL025c transcripts are transcribed but more rapidly degraded in the presence of Rrp6p, we compared their turnover rates in a wild-type and rrp6D strains. Some NEL025c transcripts could be detected above background by real-time PCR in a wild-type strain, consistent with the existence of a SAGE tag in this genomic region (Velculescu et al., 1997). Use of an rpb1-1 mutant (Nonet et al., 1987) allowed fast transcription shutoff in an otherwise wildtype or rrp6D context. As expected, the turnover rate of NEL025c transcripts was significantly higher in the rpb1-1 strain compared to the rpb1-1/rrp6D strain, although the very low amount of transcripts in the rpb1-1 strain precluded precise determination of the half-life of these RNAs (t1/2 <3 min in the rpb1-1 strain and w10 min in the rpb1-1/rrp6D strain); ACT1 turnover rate was not significantly different in the two strains ( Figure S5 ). Altogether, these data indicate that the NEL025c RNAs are produced in both the rrp6D and the wild-type strains, but, in the latter, the RNAs are more rapidly degraded. Degradation of these RNAs was also dependent on the integrity of the core exosome, as depletion of Rrp41p resulted in a similar stabilization of the NEL025c transcripts ( Figure S6 ). Given the properties of the RNA products of these regions, revealed in the rrp6D strain, we named them CUTs for cryptic unstable transcipts.
NEL025c Transcripts Are Mainly Polyadenylated by a Pap1p-Independent Process
For most Pol II transcripts, the standard polyadenylation machinery adds poly(A) to a limited number of sites generated by cleavage. The heterogeneous 3# ends of the CUTs were thus unexpected. To test the involvement of the standard polyadenylation machinery in NEL025c CUT poly(A) formation, we analyzed its polyadenylation status in an rrp6D/pap1-1 double mutant shifted for 1 hr at the nonpermissive temperature (37°C). Oligo-dT-selected RNAs were analyzed by Northern blot ( Figure 2B ). Strikingly, Pap1p mutation did not strongly affect the amount and profile of the most abundant polyadenylated forms of these heterogeneous transcripts (300-400 nucleotides long), although the amount of the less abundant longest forms (>500 nucleotides) appear to decrease in the rrp6D/pap1-1 strain compared to the rrp6D strain ( Figure 2B, lanes 1-8) . As a control, polyadenylation of RPS28A mRNA, a standard Pap1p substrate, was strongly inhibited in these conditions (Figure 2B ). These observations suggested that the main polyadenylated forms of the NEL025c heterogeneous transcripts were polyadenylated by a machinery not involving Pap1p. Purified recombinant Air1p or Air2p failed to restore the activity of a recombinant Trf4p ( Figure 4D ). However, recombinant Air1p and Trf4p coexpressed in E. coli cells copurified with Trf4p, thus confirming a direct interaction. Most importantly, the resulting complex was active in polyadenylation ( Figure 4D , a similar result was obtained for Air2-Trf4, data not shown). Thus, either Air1p or Air2p directly binds Trf4p, and these proteins are necessary and sufficient to form active polyadenylation enzymes.
TRF4 Is the Catalytic Subunit of a Second Yeast
Trf4 Is Required for the Polyadenylation and Degradation of the NEL025c Transcripts
To assess whether Trf4p plays a role in polyadenylation and/or degradation of NEL025c CUTs, we constructed strains deleted for TRF4 in a wild-type or rrp6D background. The combination of the two mutations resulted in a strong synthetic growth impairment (see Figure S7) , suggesting that Rrp6p and Trf4p are functionally linked. To quantify the levels of both polyadenylated and nonadenylated transcripts in these strains, we first performed real-time PCR analyses after priming cDNA synthesis either with an oligonucleotide specific for NEL025c transcripts (total) or with oligo-dT (polyadenylated fraction) ( Figure 5A ). All data were normalized using ACT1 mRNA levels. Strikingly, deletion of TRF4 leads to stabilization of NEL025c transcripts (and other CUTs, Figure  5B and data not shown) to a level that is even higher than the one observed in an rrp6⌬ strain. However, these transcripts appear to be mostly nonadenylated, in contrast to what was observed in the absence of Rrp6p ( Figure 5A ). Northern blot analysis confirmed that depletion of Trf4p resulted in a strong accumulation of NEL025c transcripts ( Figure 2B, lane 11) as well as other CUTs ( Figure S1 ). Note that, in the absence of TRF4, deletion of RRP6 strongly enhances the accumulation of the NEL025c and other CUT transcripts, as shown both by quantitative RT-PCR and Northern blot analyses ( Figures 5A, 5B , and 2B and Figure S1 ), suggesting that degradation of a fraction of these RNAs still occurs despite Trf4p absence. The most abundant NEL025c RNA species (w350 nt long) were absent from the oligo-dT selected fraction, in contrast to what was observed in the rrp6D single mutant strain, confirming that the polyadenylation of these transcripts is Trf4p dependent. In contrast, however, a larger polyadenylated product (enriched upon oligo-dT selection), of relative low abundance in the total RNA samples (Figure 2B, lane 12) , was strongly stabilized in the absence of both Rrp6p and Trf4p. This polyadenylated transcript was completely absent from the oligo-dT selected fraction when Pap1p was inactivated, suggesting that it corresponds to a small fraction of NEL025c transcripts polyadenylated by the normal Pap1p-dependent machinery. Most interestingly, this polyadenylated RNA species accumulated only when both Rrp6p and Trf4p are absent, suggesting that, even though it might result from the normal, Pap1p-dependent, polyadenylation pathway, its precursor and/or itself are degraded by the coordinated actions of Rrp6p and Trf4p (see Discussion). In order to assess the generality of this observa- tion, we analyzed with Affymetrix microarrays (which detect mainly polyadenylated species, as they use oligo-dT primed cDNAs), the global effect of the rrp6D/ trf4D double deletion on the stabilization of such polyadenylated forms of CUTs. Figure 1B (red curves) shows that stabilization of these minor, Trf4p-independent, polyadenylated forms of CUTs is widespread, as the signals of a large number of intergenic SAGEs were enhanced in the double mutant relative to the wildtype. Finally, the depletion of Trf5 had no marked effect the amount of CUTs ( Figure 5A and data not shown) or on the profiles of the oligo-dT-selected NEL025c transcripts (data not shown). These data indicate that Trf4p is involved in polyadenylation of CUTs and, together with Rrp6p, in their degradation.
The Trf4-Associated Poly(A) Polymerase Activity Is Required for CUT Degradation
Because the Trf4p complex is a poly(A) polymerase in vitro and because Trf4p is involved in polyadenylation and degradation of CUTs in vivo, we assessed whether the enzymatic activity of the complex is required for CUTs degradation. We asked first whether the poly(A) polymerase catalytic site mutant (trf4-236) would affect CUT stability. As shown in Figure 5A , nonadenylated NEL025c transcripts were readily detected in a trf4-236 strain, although they were stabilized to a lower extent than upon TRF4 deletion. This intermediate effect was paralleled by the growth of the trf4-236 mutant strain that was less affected than the trf4D strain ( Figure S7) . Interestingly, deletion of the TRF4 paralogue TRF5 in the trf4-236 strain led to a stabilization of NEL025c transcripts that was greater than the one observed in a trf4-236 strain, strongly suggesting a role for Trf5p in CUT degradation when Trf4p is not fully functional ( Figure 5A ). To further confirm that the poly(A) polymerase activity of the Trf4 complex is involved in CUT degradation, we analyzed CUT levels in a strain lacking both Air1 and Air2, as both proteins were required for poly(A) polymerase activity (see above). Real-time RT-PCR ( Figure 5A , and data not shown) and Northern blot analyses ( Figure 2B and Figure S1 ) of CUTs in this strain revealed a strong stabilization of these RNAs. For NEL025c, only the largest transcript accumulated in a polyadenylated form ( Figure  2B) . Altogether, these results strongly suggest that the Real-time RT-PCR analysis in a rrp6D/trf4D strain of intergenic transcripts that exhibited a low rrp6D-dependent signal increase in the microarray experiments (ranging from 1.5-to 3.6-fold, 2.7-fold on average). Levels normalized to ACT1 mRNA are expressed relative to the amount in a wild-type strain. Error bars were calculated from three independent experiments and represent standard deviations. Note that analysis for NPL040w is reported on a different scale, as this RNA is strongly stabilized in this strain.
poly(A) polymerase activity of Trf4p is associated with its role in CUT degradation.
Polyadenylation of rRNAs, snRNAs, and snoRNAs in an rrp6D Background Is Trf4p Dependent
Having established that Trf4p is involved in polyadenylation of CUTs, we tested whether the polyadenylated forms of the rRNAs, snRNAs, and snoRNAs observed in the rrp6D strain are also Trf4p dependent. Indeed, the presence of polyadenylated forms of U6, 5S, or 5.8S RNAs were dependent upon the presence of Trf4p (Figure 7 and data not shown) . Inactivation of Pap1p had some effect on polyadenylation, in particular on the longest forms, but these effects were always weaker than the effect of trf4D. A similar observation was made for the snoRNA U18 (data not shown). Most importantly, the polyadenylated forms of these transcripts represent a small fraction of the total RNAs, and the absence of Trf4p had no strong influence on the amount of the mature forms of these transcripts (Figure 7) , which is in sharp contrast with what we observed for CUTs.
Discussion
Our results support the existence of a quality control mechanism monitoring nuclear transcripts. This mechanism targets transcripts made by all three nuclear RNA polymerases. A characteristic feature of this process is the addition of poly(A) tail to the target molecules before their proper processing or degradation in an exosome-dependent manner Numerous new RNA species accumulate in a Drrp6 strain. These include Pol I transcripts or derivatives thereof (e.g., 7S rRNA); Pol II transcripts, such as U18 snoRNA transcripts; and Pol III transcripts (e.g., species detected with the 5S probe). As previously reported ( Although it has been reported (Kuai et al., 2004 ) that polyadenylation of several rRNA species in a rrp6D background depends on Pap1p integrity, our results only partially support this notion. In fact, Pap1p-dependent polyadenylation only accounts for a fraction of the polyadenylated rRNA species detected in rrp6 mutants. This observation is paralleled by the analysis of snoRNA, snRNA, and CUTs. In most cases (e.g., for NEL025c and 5S RNAs), this fraction is minor compared to the fraction that is Trf4p dependent, and, most importantly, in no cases did mutation of Pap1p lead to stabilization of transcripts in a WT or rrp6D background. Currently, the significance of polyadenylation of these transcripts by Pap1p is unclear; it does not appear to stimulate their degradation, as shown here for Trf4p-dependent polyadenylation.
Another group of polyadenylated RNA accumulating in a Drrp6 strain corresponds to new cryptic Pol II transcripts. These CUT transcripts are present at extremely low concentration in wild-type cells, even though some of these transcripts were apparently detected by SAGE analyses (Velculescu et al., 1997) . Nevertheless, they appear to represent bona fide transcripts generated by Pol II, containing a 5# cap. These intergenic cryptic Pol II transcripts are usually relatively short and do not contain long or conserved reading frames. Thus, while we cannot formally exclude that they have a physiological role, their structure suggests that they result from the presence of adventitious promoters at random genomic locations. How widespread is the occurrence of cryptic intergenic transcription in the genome? We have confirmed by RT-PCR analysis that most if not all of the intergenic SAGE transcripts that exhibit an rrp6D/WT signal ratio >2 in the microrray experiments (roughly 20% of the total) are indeed responsive to mutation of the TRF4p/exosome degradation pathways. To assess whether intergenic SAGE transcripts exhibiting lower rrp6D/WT signal ratios are bona fide CUTs, we exploited the observation that, in a trf4D/rrp6D mutant, CUTs are stabilized to a higher level, which should improve sensitivity. Microarray analysis in this context was not informative, as stabilized CUTs are mostly non- polyadenylated, while the standard Affymetrix technology only allows the detection of polyadenylated species ( Figure 1B, red curves) . We then extended RT-PCR analyses with sequence-specific primers to 13 additional intergenic SAGE regions that exhibited even a very modest, rrp6D-dependent signal increase in the microarray experiments (1.5-to 3.6-fold increase; 2.7-fold in average). Remarkably, all these RNAs species were responsive to the trf4D/rrp6D mutation (Figure 6 ), strongly suggesting that they are bona fide CUTs. This is consistent with the notion that a large fraction of the intergenic regions containing SAGE tag (more than 10% of the overall intergenic regions; Velculescu et al.
[1997]) encode genuine transcripts that are normally targeted for degradation by the coordinated action of the nuclear exosome and the Trf4-associated complex. Consequently, as some intergenic transcripts might have escaped SAGE detection, a minimal genome-wide estimate of cryptic transcripts for all intergenic regions is likely to be more than 5%-10%. Thus, spurious intergenic transcription appears to be widely spread within the yeast genome. This is likely to be evolutionarily widespread. Indeed, microarray tiling experiments revealed the presence of numerous unsuspected tran-scripts encoded by intergenic regions of mammalian chromosomes (Johnson et al., 2005) . A relatively low specificity of promoter recognition might leave more flexibility for evolution and/or regulation. Thus, paralleling observations made with ribosome fidelity mutants (Ruusala et al., 1984) , promoter recognition by the Pol II machinery may remain suboptimal. We suggest that, in addition to a chromatin-dependent repression of cryptic promoters usage, a parallel and/or overlapping strategy that involves a posttranscriptional quality control mechanism evolved to get rid of cryptic transcripts.
Our data demonstrate that Trf4 is a poly(A) polymerase. While Trf4 was previously suggested to be a DNA polymerase involved in DNA repair (Castano et al., 1996) , we believe that these original data have to be reinterpreted, as its DNA polymerase activity is extremely weak compared to its poly(A) polymerase activity ( What is the role of the Trf4p complex in recognition and degradation of unstable transcripts? Trf4p appears to have a role in CUT degradation (most likely through stimulation or targeting of the exosome) that is independent of its polyadenylation activity as the trf4-236 point mutant, which completely lacks pol(A) polymerase activity in vitro and is much less affected than the trf4D mutant ( Figure 5A and Figure S7 ). In at least some cases, Trf5p might substitute for Trf4p function, which is suggested by the stronger phenotype of a trf4-236/ trf5D mutant compared to either single mutants ( Figure  5A and Figure S7 ). If Air1p/Air2p were also required for Trf5p function (which is presently unclear), the stronger phenotype of air1D/air2D cells compared to trf4D might be explained by a concomitant impairment of both Trf4p and Trf5p activities. Finally, it is unclear whether Rrp6p and the core exosome have different roles in the degradation of CUTs. A distinct role might be consistent with the observation that the patterns and the polyadenylation status of NEL025c transcripts are similar but not identical in an rrp6D mutant and in the depletion of the Rrp41p core component.
Degradation of NEL025c transcripts might be paradigmatic for the Trf4p/exosome pathway. The long form of the NEL025c transcript (which might be the precursor of the shortest forms) is polyadenylated by Pap1p but degraded in a Trf4p-dependent manner (which is polyadenylation independent, as its abundance but not its polyadenylation status is affected by TRF4 deletion). It is conceivable, for instance, that a polyadenylationindependent role of the Trf4p/Air complex in this case would be to target the exosome on CUTs or other substrates, maybe through Mtr4p, a reported constituent of the nuclear exosome that is also found associated with the Trf4/Air complex. The shorter 300-500 nt transcripts, on the contrary, would require prior polyadenylation by the Trf4/Air complex for subsequent efficient degradation. This might result from stalling of the exosome at secondary structures, which would require the secondary addition of Trf4p-dependent poly(A) tails to resume degradation. In the rrp6D/trf4D double mutant, the combination of compromised exosome activity and lack of the Trf4/Air complex would result in both a 
